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Nitropolyformab of the formula H+OCH2G 
CN~~~ZWWSH~~CH~+=H~WQLM= 
(N02)2CH2 OH wherein 2 is -CHz-, -CHQir, 
-CH2CHzCHr. -CHtOCHr, or -CH2NHC 
HP and wherein tk average moku.kr weight of tbc 
nitropolyfonnal molecule5 is from about 1,OCO to about 
SO,ooO. Tbc nitropolyforrdr are prepared by reacting a 
diol of the formula HOCHtcfN~)2Zc(NO2)2CH$M. 
whack Z is defined as above. with formaldehyde in the 
prescncc of concentrated sulfuric acid. Thae polymax 
arc useful as energetic binders in explosiva and propel- 
lant% 
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BACKGROUND OFTHEINVENTION ')kOCHzqNolh<=H2CH2~~hCHTOH1 
Prvious cncrgctic nhropolymcfs derived flmxl ni- 5 H+~CH~~~)~CHZCH~CH~CCN~~~CH~~ 

trodiok have used primarily 2&8,&tetrani&,6dix- OCHzC(NO&CHrCH2CHK4-N02hCHtOHt 
anonane-diol (DINOL) having the formuIa CHz(OI-I)G H+OCHtC(NOz+CH~H2~@)zCHIDCH1. 

(NO&CHflII~zC(N~)2CH~H, as the ni- 
~~Hsr~~.~CH~Hi~~;‘~CH;OH, and 

traliol cornpoe For instanoe, U.S. Pat No. ,,, H-eOCH~02)ICH2NHCH2C(N02)2CH20CH2- 

3,745,076 discloses the reaction of 4,Winittopime!oy! 
~H2C(h’O&zCH2NHCH1C(N02hCHtOtL re- 

with DINOL to form a polymer. U.S. Pat. No. 
?ipectivcl y. 

3,288,863 disclw the reaction of toluene diiiyanate 
The molecular weighu of the individual polymer 

with DINOL to form a rubbery, explosive polyure- 
molecules of a given nitropolyformal will vary with the 
structure of the diol and the ratio of diol to formalde- 

thme DrNoL has scvcral dmwbsclrs a8 a wm~“mc 15 hydc. As a result, no specific value can be given for IL 
for nitropolperr: it is cleaved rrsdily at the Central 
C-O bonds and tenda to form 6- or 1Zmembered ring 

Instead the average mekcular weight of the nitropoly- 

structures rather than or in addition to polymers in 
formal molecula is used. The average molecular 

several polymer forming reactiory eSpe&lly thosC 
weight is from about l,ooO to about 5O,ooO, but prefm- 

expected to lead to polyfomlals. 
bly from 1.500 to 4,ooO. 

20 The equivalent ratio of paraformaldchydc (i.e., form- 
SUMM4RY OF THE INVENTION aIdehyde) to diol is chosen between 0.8:l and I:!, but is 

According! y, an objest of thii invention is to provide 
preferably about O-95:1. 

Concentrated sulfuric acid works WC!! as both the 
novel nitropolyformals. 

Another object of this invention is to provide a 25 
catalyst and solvent- Other acids having strengths corn- 
parable to that of concentrated sulfuric would also 

mcthcd of maiing novel nitropolyformais. 
A further object of this invention is to provide I& 

probably work. However, because of the complexity of 
the reaction mechbsm, actual testing will be m 

tropolyformals having greater stability than those made to determine which acids will work. In any case, be- 
from DINOL. cause of its effectiveness, availability, and inexpcnsive- 

Yet another object of this invention is to reduce or 30 ncss, concentrated sulfuric acid is preferred. 
prevent side reactions - such as cyclization - in the - The reaction temperature is not a critical factor; am- 
preparation of nitropolyformals. bicnt temperature works well and is convenient. 

These and other objects of this invention are ExampSes 2 and 3 illustrate methods of isolating the 
achieved by providing a nitropolyformal of the formula 

35 
product homopolymen from the reaction mixture. 

The general nature of the invention having been set 
~+ocw=ww2 -mztr forth, the following examples are presented as specific 

!O ~~~~qhzclNOzhCHtoH illustrations thereof. It will be understood that the in- 

kherein Z is -CHr, -CH2CH2--, <2CH$H2-, 
vention is not limited to these examples, but is sus~~ti- 

I ble to various modifications that will bc recognized by 
-CH2OCH2--, or -CHtNHCHz--, and wherein the 40 one of odnary sul h the arts. 
average molecular weight of the molecules of the pal y- 
mer is from about 1,ooO to about 50,000. The polymer is 

Example 1 is incorporated verbatim from an article 

prepared by reacting a diol of the formula HOCHG 
entitled. “Synthesis of a, a, w, ar,-tetranitroalbe”by 

(Nol)2ZC0W&CHzOH, wherein Z is as defined 
Henry Feuer et a.!, Journal of Organic Chemistry, VOI- 

above, with formaldehyde in the presence of a strong 45 
umc 27 (!962), pp 3598+, at page 3601. It provides a 
method of preparing 2,2,5,5-tetranitro-I,&he*anedioI 

acid such as concentrate sulfuric acid. which is the monomer used in the preparalioa of the 

DETAILED DtiCRIPTION OF THE polymer of Example Z 

PREFERRED EMBODIMENT EXAMPLE 1 (prior rut) 
A dial of the formula HOCH2CJNO&ZC(N~ 50 rlS,,ctctrsnitro-l.bhexanediol 

HflH is polymerized with fotmaldchyde to form a 
nitmpolyformal - of the general formula . CH2(OH)C(NO&CH2CH2C(N@~)2CHflH 

I.bDiiitrobutanc (80.6 g, 0.545 mole) was added to a 
H-b’=IcMqhzc(NWW’=%i solution of sodium hydroxide (45 g. 1.10 moles, 98% 

~SWA.WUN4lhcHPH 55 ay) in 275 ml of water and the mixture stirred for 2 . 

where& Z is -CH2--, -CHICHI--, --CH2CH$ 
houn at 0’ C. Formalin (82 ml., 32.6 of formaldchyds 
1.09 mo!a) was added all at once causing ihe tempera- 

H2-, -CH$KHp, or -CHzNHCHz---, and ture to rise to 16’. After stirring rhc solution at 3’ for 2 - 
wherein the average weight of the nitropolyformal is hours, 78 g (1.12 moles, 98.6% assay) of sodium nitrite 
from ahout !,m to about ~,~. Thus, the dio!s which &I was added; then a slution of 380 g (2.24 moles ) of 
may be used include: silver nitrate in 440 ml of water was added all at once 
HOCH~C(NO~~CHZC(NO&CH~OH, and the mixture stirred vigorously at 0’ for 1 hour. 
HGCH2C(NO~);CH2CHtC(NC1)2CH2OH, Filtering the precipitate, drying in vacua and continu- 
HOCH2C(N02)zCHzCH2CH2C(N02hCH20H, ous cxtnrction in a Soxhlet apparatus with 640 ml of dry 
HOCH2C(N&hCHKKH2C(NO&CH2OH. and 6S ether for 20 hours gave. after evaporating lhc soivcnt. 
HUCH:C(K02)~CH2NHCH:C(Nt&)ICH20H. 91 g (56%) of crude 2.2,S.5-~etrani~rcl,6-hcxancdiol- 
and :he energetic niuopolyformals which will be pro- (IX), m.p. 1 IS’-123’. Recrystallizing a 15-g aliquor of 
duced from tha dials include: crude (IX) with I50 ml of hot water containing a drop 
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oFoman~ hydrochloric a&.! gave 11.5 g (eqrriva-’ domerqsbkatof 4 h2ml9o%ullfw 
Ilmr to 43% yield) of pure IX, m-p. 126’-127.. 

And. Chid for G,H~oO~oNI: C, 24.1?; 3 ‘3.38; N; 
rkacidwasadded,andtbemixturcstked3hatambi- 
mt tcqamlre. The mixture was poural over cfushcd 

18.79. Found: C, 23.97; H, 3-2% N, 18.85.. ice and the solid prazipitate recovered by filtration. The 

EXAMPLE2 i 5 solid w&nsolub!e in mcthykne chloride and ether, and 

Polyformal of 2,~5,Wetranitrohexanediol-1,6 
was soluble in tetrahydrofunq it melted gradually 
above 1uT C. with darkening and decomposition. Tbc 

1.0 g of 2,25,5-tctranitrohcumediol-1.6 prepared IR spectrum indicatca the prcsara of nitrogroupd. The 
according to the procedure of example I, was added solubility propcrtia idmtify this material as the desired 
with stirring at room temperature LO a solution of 0.1 g lo olig* or pO:flod- 
of paraformaldchydc in 6 ml 9O% sulfuric acid. 7%~ Obviously, many modifmtions and variations of the 
mixture was stirred 4 h and then poured over crushed present invmtion are possible in the light of the above 
ice. ‘I%c insoluble material was collected on a Buchner teachings It is therefore to be understood that within 
funnel and washed with mcthylcne chloride. The prod- the scope of the appended claim the inventions may be 
uct weighed 0.7 g after drying in air and was completely I5 practiced otherwise than as specifically described. 
soluble in tctrahydrofuran and insoluble in water and What is claimed and d&red to be secured by Letters 
methylcne chloride, melting range 120’-140’ C. GPC Patent of the United State3 is: 
analysis showed that a mixture of relatively low molcc- 1. A dropolyford of the formula 
ular weight polymers were present in this sample. The x) 
absence of starting material and tclranitrodioxacyclon0- H-ZWJW2zccHO~~S 
nanc is dcmonstratcd by the solubility properties of the WOzWWq)ICHIOH 
product wherein Z is selected from the group consisting of 

EXAMPLE 3 -CHr. -4HzCHz. -CHtCHS-it-, -cmOCHz-, 
Polyformal of Z,Z6,6-tetranilro40xaheptantdiol-i,7 2s 0nd--~~NHCH2-~~~~1kor~rndccybrrb~cb~ 

2,2,6,6-tetranitr0-4+xahcptanCdi01-1,7 was prepared 
km&m mdrr~la it/mm obovr l.ooO (0 about 50,CUI. 

by the method dis&scd in U.S. Pat. No. 3.531.534 
2. The nitropolyformaf of claim 1 having the formula 

entitled, “Bisff uorodinitrocthers and Their Prcpam H-IC(NWQWOJ~W+~2. 
tion.” which issued 10 Hont G. Adolph on Sept. 29, 30 Loulm~3ccN~2oK 
1970, herein incorporated by reference. In particular - 
column 2. line 59 through column 3. line 10 and also 3. The nitropolyformal of claim 1 having the formula 
column 3; lina 31 through 72 arc r&ant. 

The 2.2,6,6-tetranitro4oxahcptanediol-1.7 product 
was purified as follows: The reaction mixture obtain& 35 
from- the Shshtcr-Kaplan oxidative nitration was fil- -- 
tercd with suction and the filter cake washed with a 4. The nitropolyformal ofclaim I having the formula 

small amount of cold water. The aqueous filtrate was 
extracted once with ether (75 ml for a reaction swing 

H-=H~WK-H~~~-~ 
H2]&Hrc(No2hcHfiQm 

with 6 g 2.2’dinitrodielhyl ether). The extract was 40 HflH. 
freed from solvent and heated 0.5 h with excess acetyl 
chloride. The mixture of acetates obtained was scpa- 5. The nitropolyformal of claim 1 having the formula r 
rated by chromatography on silica (methylene chlori- 
de/hexane 4:l). The initial fractions were the diacetatc H-OCHzUM’z~Hz=H~z~H& 
of the tctranitroheptanediol of good purity as indicated 4s WJ.WW~~~~~~ 
by NMR analysi; (CDCL?): %Z.W- (C&CO); 4.44 -- 
(AcOC&); 4.86 (C-C&-C). The free diol was gcncr- 6. the nitropolyformal of claim I having the f~rrda 

ared from the diacetate by dissolving the tatter in cxm 
cont. sulfuric acid and. after 15 minutes pouring over H;z=W-‘-z% 

zcmos3i2NHcHs 
crushed ice and extracting with ether. Removal of the s WHflH. - 
solvent and removal of acetic acid as an azeotropc with 
1,2dichlorocthane afforded 2,2.6.6-tctranitro4oxahcp 7. ‘the nitropolyformal of claim 1. 2, 3, 4, 5, or 6 
tancdiol-1.6 of g0od purity. wherein the average molecular weight of the homopoi- 

The purified 2.2.6,~-tetranitr~~~~~iol-l,7. ymer mokculcs is from 1,500 to 4,ooO. 
0.4 g, was mixed with 5 ml methyleae chloride, a solution 55 , l . l . 


